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may be evident in the movement of a whole organ, as when the
leaves of a sensitive plant close as the result of contact or of heat,
or when a stem or a leaf bends toward the light.
Vacuoles. The larger part of the space within a mature cell is
usually occupied by a vacuole. This is a clear space which contains
water with small quantities of material dissolved in it. The prin-
cipal use of vacuoles is, by enlarging the cell, to increase its absorb-
ing surface; besides this, water, food, or waste material can be
stored in them. Vacuoles are not present in very young cells, but
as the cell increases in size small vacuoles appear and then gradu-
ally enlarge. As they increase in size they coalesce to form a single
large vacuole, the volume of which is usually greater than that of
the protoplasm. In a large cell the protoplasm occurs as a layer
lining the cell wall, while in addition there may be strands stretch-
ing across the vacuole. Fig. 13 shows a young cell without vacuoles,
and stages in the formation and growth of the vacuole.
Plastids. These are definitely shaped protein bodies embedded
in the cytoplasm. There are several kinds of plastids, and they
have different functions. Colorless plastids are known as leuco-
plasts. Leucoplasts are often juvenile stages of other types of
plastids. Amyloplasts are white plastids in which starch is stored
(Fig. 51). Colored plastids are known as chromoplasts. In higher
plants the most numerous and important of the chromopjasts are
the chloroplasts, which are green bodies that are colored by chloro-
phyll. The small black dots in Figs. 10,19, and the oval structures
in the cells in Figs. 17, 18, are chloroplasts. In the presence of
sunlight, carbon dioxide and water in the chloroplasts are changed
into sugar. There are various other types of chromoplasts. The
red color of tomatoes and the yellow color of the petals of Tro-
paeolum (nasturtium) are due to chromoplasts. Not all colors of
flowers and fruits are due to chromoplasts, as such colors are fre-
quently due to pigments dissolved in the vacuoles. Often there is
no very sharp distinction between the various types of plastids.
Thus, a leucoplast when exposed to the light may develop chloro-
phyll and become a chloroplast, while in the tomato the chloro-
plasts develop red pigment as the fruit ripens.
Plastids grow and divide. Chloroplasts can be traced through-
out the life cycle of some of the lower plants. In flowering plants